Ongoing biodiversity loss is expected to reduce ecosystem functioning and services (Isbell et al. change (Helmuth et al. 2002 , 2014 , Russell and Connell 2012 ). Yet, fine-scale microclimatic 4 6 differences between sites are often ignored by both global climate models-which predict 
4 2
This method categorized sites based on direct, qualitative observations of water motion (Topinka angle of unimpeded exposure to the predominant direction of offshore swell (southwest). It is 1 4 7 therefore only effective for SW facing sites (Neufeld et al. 2017) . We used all of our SW (180- 17.24 , P < 0.001; Fig S6) and showed that sites categorized as "Protected" had significantly lower 1 5 0 wave exposure index measures than "Moderate" and "Exposed" (Tukey HSD: P < 0.001 for both). There was a near significant trend suggesting a difference between "Moderate" and "Exposed" Shoreline classification
In order to determine how any wave exposure-specific responses might scale up across the
landscape, we examined the distribution of rocky habitats of different wave exposures across the
North American Pacific coast using a comprehensive georeferenced linear shoreline dataset called
ShoreZone (Howes 2001) . ShoreZone data spans from Oregon to Alaska and is based on expert
classification of shoreline units using low-elevation aerial imagery obtained from fixed-wing shoreline unit is assigned a substrate class from high-resolution imagery, and assigned a wave-
exposure class using a combination of fetch calculations and geographic and biotic features. For the current study, predominantly rocky shoreline was identified by selecting all shoreline units 1 6 5 from this dataset which contained at least 25% rocky substrate (Shorezone coastal classes 1-20).
6 6
Regional totals of the extent of shoreline containing only bedrock (ShoreZone coastal classes 1-5)
were 44-78% shorter than regional totals from mostly rocky shoreline but produced the same 1 6 8 patterns of relative habitat types between regions. Because the average shoreline unit in the
ShoreZone dataset is between 300m and 500m long (much longer than our 20-50 m surveys), the
ShoreZone wave exposure classification is not able to resolve small scale differences in exposure that fall within a single shoreline unit. Importantly, Shorezone produced similar categorizations as
Druehl & Elliot: 96% of sites were within one wave exposure category of one another (and classifications at 67% of sites agreed completely). Sites that differed between methods included a 1 7 4
tidepool that was set back from the shore and protected from incoming waves, three exposed
headland sites in areas that were otherwise largely sheltered from waves, and two sites that were
located on the wave-sheltered side of islands that were near the mouth of the sound where overall
wave exposure is greater. Barring these few exceptions that arose largely due to differences in the
scale at which wave exposure was assessed, the overall concordance of the two independent 1 7 9
approaches suggests that scaling up to the broader region using the ShoreZone dataset is were made to averages of historical survey data when more than one year was sampled during the 1995 data when available (n = 46) or else 1993 (n = 2) or 1994 (n = 1) data were used. However, ( Fig S7, S8 ). While diversity of annual species was generally lowest in 1995, comparing
separately to the different initial survey years did not influence our overall results. To rule out
spatial effects, we tested for spatial correlation of proportional richness responses using Moran's I 1 9 4
in the R package "ape". Results & Discussion
Across the study system, we found widespread declines in kelp species richness and abundance 1 9 7
mediated by local variation in wave action. Kelp species richness has not changed significantly at
wave-exposed sites (Paired t-test: t = 0.63511, df = 9, p = 0.5412), while kelp communities at 1 9 9
wave sheltered sites have been reduced to between zero and three species, regardless of their
historical diversity (Fig. 1, Fig. 2 ). This is exemplified by a significant effect of wave exposure on
proportional change in richness (ANOVA: F 47,1 =17.27, P=0.00014, Fig 2A, Fig S4) . This habitat-2 0 2 dependent decline in diversity is further supported by the shallow slope of the rarefaction curve for
wave-sheltered and moderate sites in 2017 ( Fig 3D) . At all wave exposures, average abundance 2 0 4 also declined and this decline was greatest at wave sheltered sites ( Fig P=0.042).
0 6
Changes of between-site diversity (i.e. beta and gamma) also depended largely on wave 2 0 7
exposure. While rarefaction curves of the entire region are similar between years across all sites, 2 0 8
sheltered sites saw marked declines in both slope and asymptote (Fig 3) , indicating spatial 2 0 9
homogenization of these communities (Tyler and Kowalewski 2017). Moreover, while at exposed
sites the total number of species detected was slightly larger than in 1995, the total species pool at 2 1 1 sheltered sites declined from 11 species to 3 (Fig 2) with one of those species only present at one
site. Despite these widespread declines in the number of species found at sheltered sites, species
richness across the region did not change (Fig 3A inset, Fig S5; Supplementary Discussion).
Taken together, our results show a strong disconnect in how kelp diversity has changed across 2 1 5 scales and habitats: richness of the regional kelp assemblage has not changed, while local richness
and average abundance has declined markedly, with diversity loss concentrated on wave-sheltered 2 1 7
shores. 2016 heat wave (Fig S2,S3) . Heatwaves have been shown to have large-scale impacts on subtidal intertidal kelp communities. Regardless of the timescale over which these declines occurred, our
results suggest that wave-sheltered habitats are more sensitive to regional stressors than wave 2 2 8
exposed habitats. Splashing of cool water at exposed sites could alleviate air temperature stress Nino, nitrogen levels were also abnormally low (Lorenzo and Mantua 2016), (Reed et al. 2016 ).
3 3
Nutrient availability may influence thermal tolerance and so multiple stressors could contribute to 2 3 4 these declines (Thomas et al. 2017) .
3 5
A few key implications arise from these findings. First, given the important ecological role of kelp (Duggins et al. 1989 , Steneck et al. 2002 , Teagle et al. 2017 , the declines that we communities may yet recover following the 2013-2016 heatwave, our results suggest that kelp shores may not affect regional productivity or habitat availability as much as would declines on 2 4 3 wave-exposed shorelines, which are more diverse and more productive (Leigh et al. 1987 ). Yet,
positive interactions generated by kelp canopies may be especially important on wave-sheltered 2 4 5
shores because these shores are more physiologically stressful (Bruno et al. 2003) . Furthermore, the 2 4 6
lower diversity and productivity of sheltered shorelines is far outweighed by their sheer abundance
in the Northeast Pacific (Fig. 4) . We show that 57,000 km of wave-sheltered rocky shoreline exists Washington's outer coast (Fig. 4A) . Therefore, even small changes in kelp diversity on more are uncommon further south, it is possible that some northern shorelines will experience losses 2 5 5 before southern ones.
5 6
The apparent resilience of wave exposed kelp beds also has important implications for better ("bright spots") or worse ("dark spots") than average (Cinner et al. 2016 climate change. Given the distribution of wave exposure in the Northeast Pacific (Fig 4) , dark
spots are likely to be common. Although wave exposed sites might maintain regional diversity, In addition to reductions in diversity, we document widespread declines in the abundance of intertidal kelps in Barkley Sound. While the magnitude of decline was dependent on wave exposure ( Fig 2B) and varied between species (Fig S9-S10) , sites from all wave exposure 2 7 7
categories declined significantly in average kelp abundance. Losses of kelp cover are common and 2 7 8 a recent global meta-analysis found that more than one third of published subtidal kelp bed 2 7 9
surveys show declines over the past 50 years -significantly more than had increased (Krumhansl Although declines may be attributable to recent heatwave events occurring over short 2 8 8
timescales (Lorenzo and Mantua 2016) (Fig S2-S3 ), rather than a response to gradual warming, 2 8 9
the recovery from ecosystem-wide declines may not occur rapidly in either case. Four of our sites
lost all kelp species and thirteen others were reduced to a single, sometimes rare (< 5 % cover)
species. Thus, many of our sites have experienced complete or near-complete collapses of kelp-2 9 2 dominated communities. Climate-related phase shifts from communities dominated by kelps to consequences for coastal productivity and ecosystem services (Filbee-Dexter and Wernberg 2018).
9 5
Phase shifts between kelp and turf or fucoid dominated ecosystems have been occurring in various regions worldwide for decades and many have yet to recover following initial kelp bed collapse feedbacks between biotic factors and the physical environment, is responsible for the resilience of degraded ecosystems worldwide (Suding et al. 2004, O'Brien and Scheibling 2018) .
A broader implication of our results is that important biodiversity loss could easily remain
hidden from studies not specifically designed with habitat heterogeneity in mind. Declines could 3 0 2 be concentrated in only some habitats that may be stressful and low diversity to begin with. If 3 0 3 these marginal habitats lack novel diversity, studies that focus on regional patterns without heterogeneity may directly contribute to the disconnect between diversity measurements taken at 3 0 6 different scales (Vellend et al. 2013 , Dornelas et al. 2014 . Importantly, this means that without 3 0 7 considering differences in site-level conditions, we would have missed the widespread biotic homogenization that has occurred only at wave-sheltered sites in our system. Capturing these 3 0 9
losses in beta diversity is important to monitoring and conservation efforts because ecosystem 3 1 0 functionality depends on having many species combinations across the landscape (Isbell et al. and predicting diversity loss not only at species' range edges but also along local gradients
throughout the range of each species.
Heterogeneity in environmental variables (like wave exposure) is ubiquitous in the natural
world, but its importance in determining the responses of communities to climate change is often and determine whether they are abundant enough to influence ecosystem functioning across the 3 2 6
landscape. Consistent declines across all habitat patches or at the most diverse, high quality 3 2 7
habitats are likely not reasonable predictions for how communities will respond to climate change common, the consequences to ecosystem functioning could be profound. This work would not have been possible without the initial surveys which were conducted by 3 3 2
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